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NOTES ON THE REPRODUCTION OF PLUMULARIAN 
HYDROIDS. 

By C. C. NUTTING. 

During the past spring and summer, while studying the 
Plumulcariid& at Plymouth, England and Naples, Italy, the 
writer came across certain facts which are deemed to be of 
such general biological importance as to render an immediate 
announcement desirable, without waiting for the completion 
of a work in which a more formal discussion of these facts and 
their significance will appear. 

Asexual reproduction of Plumularia pinnata Linn. 

This species is the most abundant plumularian at Plymouth 
affording ample material for satisfactory study. The first spec- 
imens with young gonangia were brought to the laboratory on 
May 2nd. Ten days before this I noticed that several fresh 
specimens were peculiar in having a number of the hydrocla- 
dia greatly produced into thread-like extensions ending in a 
clavate enlargement. Neither hydralnths nor nematophores 
grew upon these processes, although the usual number were 
found in their normal position on the unmodified portions of 
the hydrocladia. 

These specimens were kept alive in a separate jar, and three 
days later it was found that the curiously lengthened hydro- 
cladia had continued their abnormal growth, and that some of 
the enlarged ends had become forked. A microscopic exami- 
nation showed that the hvdrocladial extensions were almost 
or entirely destitute of nodes, the whole structure being a sin- 
ple tube, with perisarc, ectoderm and endoderm enclosing the 
axial cavity in which the life currents were moving in un- 
usual activity. The most notable histological feature was the 
surprising number of nematocysts embedded in the ccenosarc. 
The colony seemed in good condition, the hydranths being 
fully expanded and active. 
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Under date of April 27th, four days later, I find the follow- 
ing note: 

"To-day I noticed some delicate, thread-like lines adhering 
to the inside of a jar containing living colonies of P. pinnata. 
Upon moving a piece of stone, I found that these lines were 
the long, thread-like processes or continuations of hydrocladia 
noticed several days ago. Upon close investigation hydranths 
were seen fully expanded arising from these processes attached 
to the glass, and one small colony with the primate branching 
of Plumularia had advanced so far as to show seven hydrants 
on branches. The original process from the hydrocladium of 
the parent colony has become a creeping stolon attached to 
the glass. It is sending up the new colony on the one hand, 
and giving forth delicate rootlets on the other. A single 
hydranth growing on the stolon a little to the right of the in- 
cipient colony already described, seems to indicate the starting 
of a second colony. Several other stolons (derived in the same 
way from greatly elongated hydrocladia) are giving off little 
colonies. There have been no other plumularians in this jar, 
and the original colonies were without gonangia." 

These new colonies were kept alive for a week longer, by 
which time their connection with the parent stocks had been 
destroyed by atrophy of the hydrocladial extensions from 
which the new colonies arose, and the daughter colonies had 
attained considerable size and all the characteristic features of 
P. pinnata. 

In another jar a colony showing the hydrocladial extensions 
was purposely placed so that they could reach neither the side 
of the jar nor any other point of support. This did not inter- 
fere with the asexual reproduction, however, as the processes 
became forked at their distal ends, and from these forks arose 
incipient colonies. After a week had elapsed the parent col- 
ony died and the main stem became withered and dropped to 
the bottom of the jar, carrying with it the daughter colonies 
which were then able to attach themselves and proceed with 
their development as would any other colony. 

After a careful search through the literature of the sub- 
ject, I am unable to find any account of this mode of re- 
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production either among hydroids or any other of the metazoa, 
and I propose for it the name Stoloniferouls reproduction on ac- 
count of the great similarity which it -bears to that process 
among plants.1 

Asexual multiplication has long been known to exist among 
the hydroids, where it usually presents itself in some form of 
gemmation. Fission has been found to occur in a medusa, 
Stomobrachiurn mirabile K611., but the most remarkable case 
heretofore recorded is described by Allman in a campanula- 
rian named by him Schizocladiutm ramnosum.2 The process is, 
in brief, as follows: 

An ordinary ramulus, instead of bearing a hydrant on its 
distal end, elongates and the coenosarc ruptures the chitinous 
investment at the tip and protrudes naked into the water. A 
constriction takes place by which this naked cenosarc is 
divided off and finally separated from the parent stem. "The 
detached segment is flow the lo of an inch ini length, and 
strikingly resembles a planula in all points except in the total 
absence of vibratile cilia. It attaches itself by a mucous ex- 
cretion from its surface to the walls of the vessel, and exhibits 
slight and very sluggish changes of form. After a time a 
bud springs from its side, and it is from this bud alone that 
the first hydranth of the new colony is developed." 

Although this process resembles the stoloniferous nultipli- 
cation of Plumularia pinnata in the formation of a new colony 
from a modified branch termination, it differs greatly in the 
fact that in Schizocladium the divided portion or " frustule," as 
Allmnan calls it, becomes entirely separated from the parent 
stock before the new colony begins to develop, while in P. pin- 
nata there is a vital connection by means of the greatly elonga- 
ted hydrocladium. 

The stoloniferous multiplication must not be confounded 
with any of the many modes of branching heretofore found 
among the hydroids, which do not give-rise to separate colo- 

* " Stolons are trailing or reclining branches above ground which strike root 
where they touch the soil, and then send up a vigorous shoot which has roots of 
its own, and becomes an independent plant when the connecting part dies, as it 
does after awhile." Gray, School and Handbook of Botany, p. 37. 

2 Report Brit. Association, 1870, and '"Gymnoblastic Hydroids," p. 151, 152. 
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nies having independent hydrorhizee; neither is it equivalent 
to the multiplication often effected by mutilation. There is 
no mutilation in this case, unless we may so regard the spon- 
taneous atrophy of the connection between the old and new 
colonies. 

That this stoloniferous multiplication is normal is indicated 
by the fact that specimens fresh from the sea exhibited the 
greatly elongated and forked hydrocladia. 

It may be well to note that P. pinnata seems to have repro- 
ductive powers greater than those of any other Plumularian 
known to me. At the proper season that part of the stem from 
which the hydrocladia spring is fairly packed with gonangia 
which may even be crowded out onto the hydrocladia. In 
some instances it seemed as if the reproductive potentiality 
demanded some other outlet, and long processes, exactly like 
the hydrocladial processes described above, were seen spring- 
ing from the interior of the gonangia themselves. 

The possibility of conjugation among the Plumularidae. 

During the months of June, July and August a small spe- 
cies of Aglaophenia was brought almost daily to the Naples 
Zoological Station. It grows on a long ribbon-like alga in 
shallow water and bears a general resemblance to A. plumai 
Linn., from which it differs in exhibiting a frequent intercala- 
tion of intervening internodes on the distal half of the stem, in 
the more distant hydrocladia, and in having, as a rule, not 
more than three hydrothecam to each internode. 

In June it was noticed that a large proportion of the colo- 
nies had the end of the main stem greatly elongated and en- 
larged, the proximal part of this extension being divided into 
a great number of short internodes, while the distal portion 
was abruptly bent over so as to form a nearly closed hook. In 
many cases the ends of two colonies would be hooked together, 
clasping each other so tightly that they could not be separated 
without mutilating the specimens. This state of affairs was 
so common at this time that one could not regard the attach- 
mnent as accidental or abnormal, and further developments 
were awaited with great interest. 
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In July this attachment was seldom seen, although the en- 
larged stern terminations were still common. These latter 
appeared to be shedding their perisarc, which was often seen 
to be partly peeled off. 

About the middle of August I observed that these enlarged 
ends were forking just as did the produced hydrocladia of P. 
pinnata. Still later, immediately before my departure from 
Naples, I found some of these enlarged ends attached to the 
sides of the jar and budding, although the buds had not yet 
developed into hydranths. There is practically no doubt that 
we have here a case of stoloniferous reproduction in the genus 
Aglaophenia. 

Although I was unable to demonstrate the use of the clasp- 
ing hooks at the ends of the stems, it was impossible to escape 
the constantly recurring suggestion that they might possibly 
signify a mode of conjugation such as is found among the Pro- 
tozoa (e. g., Paramecium) and the Algae (e. g., Spiropyra). 

That these hooked ends are for some definite purpose can 
be confidently assumed, and there are but two explanations 
which appear plausible. 

1st. These terminal hooks may aid directly in the stolonif- 
erous reproduction by attaching themselves to some adjacent 
object upon which the new colonies can grow. 

2nd. They may be clasping organs for use in conjugation. 
As a matter of fact they may serve both purposes. My obser- 
vations strongly indicate that they are useful as a means of 
attachment, and the following considerations indicate a strong 
possibility that conjugation may take place. 

1st. They were seen so often in a position favoring conjuga- 
tion, i. e., with the ends of two colonies clasped in a close em- 
brace as to indicate a normal function. 

2nd. It was after this supposed conjugation that the stolon- 
iferous multiplication was observed to be under way. 

3rd. These enlarged ends of the stems were found to contain 
a number of ameboid cells which were unusually active, 
sending out pronounced pseudopodia. I could not decide 
definitely whether these cells were in the ectoderm or endo- 
derm, on account of the unfavorable position of the living col- 
ony under inspection. 
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Stained sections of these hooks failed to throw much addi- 
tional light on the subject, the only noticeable histological 
feature being an appearance of great activity in'cell multipli- 
cation, and the presence of an unusual number of neinatocysts. 
These sections were of value, however, in demonstrating that 
the enlargement of the stem termination was not due to the 
presence of a parasite, as is sometimes the case among hydroids, 
e. g., Syncoryne eximia and Coryne mirabilis. 

The clasping of the hooks is probably effected mechanically 
by the undulations of the ripples passing along the alga which 
supports the hydroid colonies. 

Conjugation is essentially the union of two individuals of a 
species during which an interchange of protoplasm is effected 
without the intervention of ova or spermatozoa. So far as I 
have been able to discover this process has not heretofore been 
found among the metazoa,3 and the observations recorded above 
must be regarded as merely an indication of the possibility of 
conjugation among hydroids. 

It is now a well established fact that the sex cells, both male 
and female, of the Plumulariide originate in the endoderm of 
the stem; and any process which would enable the contents of 
the endodermal cells of one stem to mix with the contents of 
the endodermal cells of the stem of another colony would ren- 
der conjugation possible so far as the purely mechanical part 
of the question is concerned. This would be effected in the 
case under consideration by the solution of the contiguous 
walls of the hooks when clasped as already described. While 
this solution was not actually seen in any of the specimens 
described by me, it was found that the perisarc was usually 
thinner in the region of contact than elsewhere. 

It must be remembered, moreover, that in the normal repro- 
duction of most hydroids a solution of the perisarc of the stem 
is effected, probably by chemical action, whenever a gonan- 
gium is formed,4 and therefore no new principle would have to 

The permanent union of individuals which results in Diplozoon cannot be 
termed conjugation in the sense here used, because in the Diplozoon the interven- 
tion of ova and spermatozoa occurs. 

4 " Die Entstehung der Sexualzellen bei den Hydromedusen." Dr. August 
Weismann, p. 182. 
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be invoked to accomplish this end in the case under discus- 
sion. 

In passing from below upward in the stem of a plumularian 
examined just before the appearance of the gonangia, we 
find that the sex cells intergrade perfectly with the ordinary 
eendodermal cells, many of which are themselves destined to 
become sex cells. The endodermal cells, then, in the distal 
part of the stem, contain that which will ultimately become 
ova or spermatozoa, or they contain what might be called the 
undifferentiated sex elements. A given colony of Aglaophenia 
is always unisexual. That is, all the gonangia contain sex 
cells of one kind, and both ova and spermatozoa are never 
found in one colony. 

Now it is evident that the hooking together of a male and a 
female colony by the upper parts of their stems, accompanied 
by a dissolving of those portions of the perisarc which are in 
contact, would leave only the thin ectoderm between the endo- 
dermal cells of the two colonies, and a communication between 
the undifferentiated sex cells would be an easy matter; for Weis- 
mann found that the undifferentiated sex cells exhibited pro- 
nounced amceboid movements5 and such movements would, 
of course, greatly facilitate conjugation. The amceboid cells 
observed by me in the clasping hooks may be of significance 
in this connection. Not only did these cells exhibit activity in 
sending forth pseudopodia, but they also moved bodily from 
place to place among the surrounding cells. 

State University of Iowa, Sept. 26, 1895. 

EXPLANATION OF PLATE. 

1. Colony of Plurnularia pinnata Linn. showing (a) hydro- 
cladial extensions; (b) forking of ends of hydrocladia; 
(c) new colony still attached to parent stock; (d) new col- 
ony separated from parent stock. 

2. New colony, magnified, showing polyps and rootlets. 
8. Portion of hydrocladium showing terminal extension. 
4. Tip of hydrocladial extension showing (a) the budding of 

a new colony. 
5 This fact was repeatedly observed by the present writer. 
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5. Colonies of Aglaophenia sp. showing (a) terminal exten- 
sion of stem; (b) terminal hook; (c) clasping of hooks; 
(d) budding of hooks; (e) new colony attached to side of 
jar and to parent stock. 

6. Clasping hooks, magnified. 

ANTIDROMY IN PLANTS. 

By G. MACLOSKIE. 

In November, 1893, I published observations on Maize, from 
which it appeared that there are two castes of this plant, the 
leaves of one reversing the arrangement of those of the other. 
I also traced this diversity to the arrangement of the minute 
leaves in the young embryo in the seed; thus in figures 1, 2, 

the first foliage-leaf has its right margin 
overlapping its left margin. In other 
seeds from the same ear the first leaf 

( -~ . would have its left margin external. I 
further found that the grains arising on 

Fig. 1. 
adjoining rows in the ear of corn are of 

Fig. 1. different castes, and produce " antidromic" 
Grain of Maize; cross plants (that is, growing up in opposing 

section. 
curves), and that the same property be- 
longs to all the Gram ineae. 

During the past summer I have ex- 
tended this law so as to embrace the 
flowering plants. Every species is repre- 

Fig. 2. sented by two sets, differing antidromic- 
Young leaves of Plu- ally as to the structure of the mother- 

mule of Maize. seed, the stem, leaves and inflorescence. 
My attention was first attracted to this in the Ladies' Tresses 
(Spiranthes prmcox Watson), which had, in some plants, dextral, 
in others sinistral, rows of white flowers; and on examination 
the dextral and sinistral anthotaxy were found to be accom- 
panied respectively by dextral and sinistral phyllotaxy. Fig. 3, 
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